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The effect of adding glycerol to the mobile phase on the chromatographic separation of 
peptides has been investigated using a continuous flow fast atom bombardment (CFFAB) 
interface coupled with commercial packed microcolumns (25 cm x 320 pm id.). In a com- 
parative study using a UV detector, it was found that chromatographic peak broadening 
progressively increased with increasing percentage of glycerol in the mobile phase. In the 
liquid chromatographic FAB mass spectrometric analysis, this effect is compounded by the 
dynamic mixing of the column effluent on the probe. Improvements of 25-155% in the overall 
separation efficiencies were obtained by introducing the matrix independently to the probe 
tip via a coaxial arrangement. Application of this coaxial CFFAB is demonstrated by the 
analysis of peptide mixtures and tryptic digests. (1 Am Sot Mass Spectrom 1990, 1, 312-319) 
0 
ver the past decade, numerous liquid chro- 
matography combined with mass spectrome- 
try (LCIMS) interfaces using conventional (4.6 
mm i.d.) and microbore (1.0-2.0 mm i.d.) columns 
have been developed, and the literature up to the end 
of 1985 has been reviewed in detail [l-5]. In view of 
the practical limits imposed by the vacuum system of 
the mass spectrometer, a maximum liquid flow rate of 
approximately 10 PLlmin can generally be tolerated by 
most instruments that use a differential pumping sys- 
tem incorporating diffusion or turbomolecular pumps 
[6]. However, higher flow rates (i.e., 2 mllmin) can be 
interfaced with a mass spectrometer by using, for ex- 
ample, an atmospheric pressure source equipped with 
a heated pneumatic nebulizer and a cryopump system 
[7]. In situations where the molecular weight of an- 
alytes eluting from the HPLC column is sought, the 
relative success of the analysis depends not only on 
the efficiency of the pumping system but also on the 
ability to ionize the polar and labile molecules without 
excessive fragmentation. In this respect, the choice of 
the ionization technique used and the extent of inter- 
nal energy imparted to the analyte also play an impor- 
*Also at the Department of Chemistry, University of North Carolina at 
Chapel Hill, Chapel Hill, NC 27514. 
Address reprint requests to Pierre Thibault, Atlantic Research Laboratory, 
National Research Council of Canada. Halifax, Nova Scotia, Canada B3H 
321. 
tant role in observing the parent molecular species. 
This is especially true for the analysis of thermolabile 
biomolecules such as peptides. 
Among the different direct liquid introduction 
methods investigated thus far, continuous flow fast 
atom bombardment (CFFAB) [8] and frit FAB [9] have 
engendered substantial interest as viable LClMS inter- 
faces for the analysis of polar and nonvolatile com- 
pounds of high molecular weight. This is due in part 
to the advent of efficient and reliable packed micro- 
columns (<400 pm id.) operating at low flow rates 
(~10 pL/min). The combination of these microcolumns 
with “soft” ionization techniques such as FAB permits 
not only the sensitive detection (typically <lO ng) of 
the various protonated molecular ions, but also ex- 
ploitation of the inherent advantages of microcolumns, 
namely, high plate numbers (>50,000 theoretical plates 
per meter), high mass sensitivity (~10 pmol per injcc- 
tion), and lower optimum flow rates [lo]. Numerous 
applications using such interfaces have been reported 
for the analysis of peptide mixtures [ll, 121, perme- 
thylated oligosaccharides [13], and enzymatic digests 
of proteins [14-191. 
The efficient desorptionlionization of the analyte 
with the CFFAB interface requires that the aqueous 
effluent emerging at the end of the probe contain a 
significant proportion of a suitable FAB matrix (usually 
5% glycerol). This can be achieved by dissolving the 
matrix in the mobile phase with [ZO] or without [19] 
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splitting the column effluent flow, or by adding the 
matrix by means of a postcolumn arrangement [Zl]. 
The main limitation of the former system is that the 
addition of the matrix into the LC solvents will change 
the polarity and viscosity of the mobile phase, which 
can affect the chromatographic separation. The gradi- 
ent operation often required to obtain high efficiency 
separations for a given multicomponent analysis is lim- 
ited by the solubility of the matrix used to promote the 
ionization. For example, a 5% glycerol solution can be 
dissolved only in an aqueous mobile phase containing 
a maximum of approximately 60% acetonitrile. There- 
fore, separations requiring a higher content of this par- 
ticular solvent will not be possible. On the other hand, 
postcolumn addition of the matrix can lead to chro- 
matographic peak broadening, particularly with micro- 
bore LC columns [21]. 
These inconveniences can be avoided by delivering 
the matrix to the FAB probe tip independently and 
allowing it to mix with the LC effluent only at the 
FAB probe tip. Independent matrix delivery can be 
achieved by using a coaxial (concentric) capillary ar- 
rangement [22-251. Briefly, this arrangement consists 
of two coaxial capillaries, the inner one being used 
to deliver the microcolumn effluent while the annu- 
lar space between the inner and outer fused-silica cap- 
illaries is used to deliver the FAB matrix. Since this 
system permits mixing of the two effluents only at the 
probe tip, the extent of chromatographic peak broad- 
ening is thereby minimized. In addition, not only can 
the two flow rates be adjusted independently, but also 
the matrix composition can be varied without having 
to modify the chromatographic conditions. This sys- 
tem is ideally suited for use with open tubular liquid 
chromatography (OTLC) with column inner diameters 
of 10 pm or less and nanoscale packed capillary LC 
columns (nanoscale with regard to mobile-phase flow 
rates and sample injection volumes) with column in- 
ner diameters of 50 gm or less [26], both of which 
require a make-up flow for FAB desorptionlionization. 
This coaxial CFFAB interface has also proved to be very 
useful for the coupling of capillary zone electrophore- 
sis (CZE) with sector mass spectrometry, which of- 
fers a high-resolution separation system with selectiv- 
ity complementary to that of LC [25, 27]. 
To date, the majority of applications of the 
LClCFFAB interface have introduced the FAB matrix in 
the mobile phase. No report thus far has investigated 
the effects of the FAB matrix on the chromatographic 
separation. The intent of this work is to compare the 
effect of adding FAB matrix components (such as glyc- 
erol) to the mobile phase of chromatographic systems 
by employing commercial packed microcolumns (320 
pm i.d.) with independent delivery of matrix by means 
of a coaxial arrangement. This effect is studied for dif- 
ferent percentages of glycerol in the LC solvents using 
only UV detection not connected to the mass spectrom- 
eter. Such comparisons are made here for the analysis 
of synthetic peptide mixtures and tryptic digests. A 
preliminary account of part of this work has been pre- 
sented previously [28]. 
Experimental 
Chemicals 
All peptides used in this study were purchased from 
Sigma Chemical Co. (St. Louis, MO) and used with- 
out further purification. The TPCK trypsin was ob- 
tamed from Worthington Biochemical Co. (Freehold, 
NJ). High-performance liquid chromatographic grade 
acetonitrile, methanol (BDH Chemicals Poole, Eng- 
land), and distilled and deionized (18 Mohm) water 
(Milli-Q water systems, Millipore Inc., Bedford, MA) 
were used in the preparation of the samples and mo- 
bile phases. All mobile-phase solvents contained 0.1% 
trifluoroacetic acid (TFA) (Fisher Scientific, Raleigh, 
NC) and were filtered (0.45 pm) and degassed prior 
to use. 
Tryptic Digests 
Approximately 0.5 mg of the protein was dissolved in 
0.5 mL of a solution of NH4HC0s (0.2 M). A solu- 
tion of 0.5 mL of TPCK trypsin (0.4 mg/lOO mL in 0.1 
mM HCl) was added, and the solution was heated to 
37°C for 1 h. The tryptic digestion was stopped by 
freeze-drying the sample and redissolving it in 1 mL 
of H,O-0.1% TFA. 
Mass Spect romet y 
All mass spectra were acquired with a VG Analytical 
ZAB-EQ tandem hybrid mass spectrometer of BEqQ 
configuration equipped with a VG 11-250J data sys- 
tem. The signals recorded in the conventional mass 
spectral analyses were detected at the double focus 
point of the instrument. The mass spectrometer was 
equipped with an 8-keV Xe beam (Ion Tech FAB gun, 1 
mA discharge current; Ion Tech, Middlesex, England), 
a standard VG CF-FAB source heated at 30-6O”C, and 
a CEFAB probe using a semihemispherical tip. Con- 
ventional FAB mass spectra were obtained at an accel- 
erating voltage of 8 keV with a static resolution (10% 
valley definition) of approximately 1500, scanning the 
range 1600-300 Da with a cycle time of 5-10 s. Owing 
to fluctuation of the source pressure in experiments us- 
ing Bow rates of 3-4 pL/min, the mass assignment was 
subject to slight variation from scan to scan; however, 
the precision on these measurements was reliable to 
the nearest i 0.5 Da. 
Liquid Chromatographic Analysis with 
WV Defection 
The change in chromatographic efficiency of a com- 
mercial Alltech 25 cm x 320 pm i.d. 5-pm spherical 
Rosil Crs (Eke, Belgium) column, extended by a trans- 
fer line of 75-cm fused-silica capillary of 25 pm i.d. 
(150 gm o.d.), with different mobile-phase composi- 
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Solvents 
P-X pump 
(EIrownlcc,Glyc./H20, 3/l) 
1 wmin. 
Sheath FSC column 
~-column C- 18 FSC 
(Rosil. 0.32 mm i.d. x 25 cm) 
tions was studied by using an ISCO pLC UV detec- 
tor set at 214 nm (Isco Inc., Lincoln, NE) equipped 
with a microcell of 0.06 rL internal volume. Solvents 
were delivered with a Brownlee syringe pump (Ap- 
plied Biosystems, Santa Clara, CA). 
Liquid Chromatography Combined with 
Continuous Ho-w Ii& Atom Bombardment Mass 
Spectrmetry Interface 
The LC/CFFAB/MS interface used in the present study 
is depicted schematically in Figure 1. This system uses 
a commercial 320 pm i.d. Cl8 packed microcolumn 
identical to that described above except that the trans- 
fer line now terminates at the end of the FAB probe. 
The coaxial arrangement, which is a modification of 
the original interface of de Wit et al. [22], uses a sheath 
fused-silica capillary (200 pm i.d., 350 wrn o.d.) to de- 
liver a solution of glycerol-water (1:3) at a flow rate of 
1 pllmin by using a Brownlee syringe pump (Applied 
Biosystems). The inner and outer capillaries were cou- 
pled together using a l/lb-in. stainless steel tee, and 
both terminated at the end of the CFFAB probe tip. In 
experiments in which the FAB matrix was incorporated 
in the mobile phase, the sheath capillary and the inde- 
pendent matrix delivery system were removed. Injec- 
tions were made with a Valco CW4 injector with a O.l- 
PL loop. A column flow rate of 3 WLlmin was obtained 
by splitting the effluent from a Brownlee syringe pump 
operating at 0.2 mL/min by using a stainless steel tee 
and a fused-silica capillary restrictor. 
Results and Discussion 
For purposes of clarity and to differentiate the factors 
contributing to the overall efficiency of the LC/MS anal- 
ysis, the effect of glycerol on the chromatographic sep- 
aration and its possible influence on postcolumn peak 
broadening are addressed separately in the following 
discussion. 
Effect of Glycerol on Chromatogruphic Separation 
In the early development of the LClFABlMS interface, 
it was noted that the addition of a FAB matrix to the 
Figure 1. Schematic representation of 
the LUMS interface using a 320 pm id. 
C,, column (see text for description). 
mobile phase could have some adverse effect on the 
chromatographic performance of analytical columns 
[21]. However, no systematic study of this effect has 
been documented thus far. In consideration of the 
popularity of CFFAB for the characterization of syn- 
thetic peptides and proteolytic fragments of proteins 
(for which water-acetonitrile solvent systems with gra- 
dient elution is the preferred approach), we decided to 
undertake a study of the effect of varying percentages 
of glycerol on the retention characteristics of one of the 
tryptic digests (glucagon) used in the present work, 
together with simple synthetic peptide mixtures. This 
study employed a 320 pm i.d. packed LC column cou- 
pled with a transfer line (75 cmx25 pm i.d.) (Figure 
1). The column effluent was introduced into a UV de- 
tector microcell via the transfer line. To maintain a 
constant concentration of glycerol during gradient elu- 
tion, the matrix was added to both the aqueous and 
organic components. Because glycerol is not miscible 
with pure acetonitrile, only 60% acetonitrile could be 
used with a 10% glycerol solution. The mobile-phase 
system consisted of an aqueous solvent A (0.1% TFA, 
O-10% glycerol in 100-90% water) and an organic sol- 
vent B (0.1% TFA, 40% aqueous solution containing 
O-25% glycerol in 60% acetonitrile). 
The mobile-phase solvents contained increasing 
percentages of glycerol (0, 1, 2, 5, and 10%). Starting 
with glycerol absent from the mobile phase, replicate 
injections of the glucagon tryptic digest and the pep- 
tide mixtures were made for each mobile-phase com- 
position with the LJV detector set to 214 nm. After each 
series of analyses, the mobile-phase reservoirs were 
replaced and the entire chromatographic system was 
equilibrated for an hour before the next series of injec- 
tions. 
Small changes in the retention times were observed 
upon variation of the mobile-phase content of glycerol 
for any given peptide mixture. These variations were 
typically less than 2 min over the practical range of the 
addition of O-52 glycerol. It was noted that the reten- 
tion time and k’ first decreased from 0 to 2% glycerol 
and then progressively increased as the glycerol con- 
tent increased toward 10%. 
More important variations were observed in peak 
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Figure 2. Influence of glycerol on the column peak width btoad- 
ening (measured at half-height) in the LClUV analysis. (a) Analy- 
sis of a mixture containing approximately 70 ng of each peptide. 
Linear gradient from 15% B to 100% B in 40 min (solvent A: 0.1% 
TFA, O-10% glycerol in 100-90% water; solvent B: 0.1% TFA, 40% 
aqueous solution containing O-25% glycerol in M)% acetonitrile). 
Injection of 0.1 PL at a flow rate of 3 PLlmin. (Pl, VQAAIDY- 
ING; P2, YGGFL; P3, KFLGLM). (b) Analysis of a tryptic digest 
of 106 pm01 of glucagon. Linear gradient from 5% B to 100% 
B in 20 min (TZ, fragment 13-17, YLDSR; T3, fragment 19-29, 
AQDFVQWLMNT; T4, fragment 18-29, RAQDFVQWLMNT). 
widths for all the peptide mixtures studied. This is 
shown graphically in Figure 2a and b, which repre- 
sent the half-height peak width variations as a func- 
tion of the percentage of glycerol for a mixture of three 
synthetic peptides and the peptide fragments from a 
glucagon tryptic digest, respectively. The identification 
of individual components was obtained by comparing 
the elution profile with the LCIMS analysis performed 
on the same samples (described in the following sec- 
tion). The tryptic digestion of glucagon yields at least 
four peptides, fragments T1, T2, TJ, and T4, in their 
respective order of elution. Tiyptic fragment T1 is not 
included in Figure Zb, because the intensity of the cor- 
responding UV absorption signal was so weak that no 
reliable peak width measurement could be made over 
the entire range of glycerol addition. 
An examination of Figure 2a and b indicates that 
the peak widths at half height for all peptides pro- 
gressively increased with higher glycerol concentra- 
tion. This effect can be translated into an apparent loss 
of the column separation efficiency, which was, how- 
ever, regained when the mobile phase was returned to 
0% glycerol. Not all compounds were equally affected 
by such modification of the mobile-phase composition, 
but, in general, this variation was most significant from 
0 to 5% glycerol. A comparison of the peak broadening 
between analyses done at 0 and 5% glycerol typically 
showed an enlargement ranging from 2% to 19% in 
the peak width at half height. The width of the peak 
corresponding to eledoisin-related peptide P3 was less 
affected by the variation of glycerol over the range 
studied than, for example, the variation observed for 
Leu-enkephalin and glucagon tryptic fragment Ts . This 
suggests that the effect of the matrix is likely to be de- 
pendent on the polarity of the analyte. Peak asymme- 
try calculations were also performed (data not shown) 
and showed a similar trend, the peaks becoming more 
asymmetrical, because of tailing, with the addition of 
glycerol. 
This behavior can be rationalized by considering 
glycerol at lower concentrations to be acting simply as 
an alcohol, increasing the polarity of the mobile phase 
as well as changing its selectivity, and giving rise to 
the observed retention characteristics. As the percent- 
age of glycerol is increased toward lO%, not only are 
the chemical properties of the mobile phase changed, 
but also, more important, its physical properties are 
modified. The viscosity of the mobile phase increases 
upon going from 0 to 10% glycerol. This increase is 
reflected in a gradual rise in the column back pressure 
and results in a reduction of the chromatographic sep- 
aration efficiency. The situation is complicated by the 
fact that strongly associating solvent mixtures, such as 
water-acetonitrile and water-methanol, show anoma- 
lous variations in viscosity with composition [29], and 
this could also contribute to the observed variation in 
the retention characteristics. 
Efict of Glycerol as a Mobile Phase Additive 
in Liquid Chromatog’raphy Combined with Mass 
Spectromefy Analysis 
In consideration of the overall LClMS analysis, the 
influence of glycerol on the separation, as discussed 
above, must be put in perspective with other factors, 
such as extra length of transfer line and memory ef- 
fects of the CFFAB probe tip, that may also contribute 
to peak broadening. For an early-eluting component 
(k’ = 1) on a packed microcolumn 25 cmx320 pm 
id. (5 pm particle size), the corresponding column 
peak volume is typically 0.8 PL 1301. The addition of 
a transfer line with a void volume of 1.5 PL (75 cm 
longx25 pm i.d.) will contribute to a volume disper- 
sion of 0.04 PL (0.17 rL if a 50-pm i.d. transfer line 
is used) [30]. Since the variance of the observed peak 
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corresponds to the summation of both the column and 
transfer line variance, we can thus calculate the ratio 
of the observed peak volume to the separation column 
volume. For the above example, the observed peak vol- 
ume would be 0.2% larger than the actual separation 
column peak volume (2% if a 50-pm i.d. transfer line 
was used). Similar increases are to be expected when 
considering peak widths. Therefore, the effect of peak 
broadening due to the transfer line is minimal when 
capillary transfer lines of small inner diameter (50 pm 
i.d. or less) are used with the 320~pm i.d. LC columns 
and is not likely to account for a large variation of the 
observed peak width. 
More important contributions to the increased peak 
width involve the influence of wetting and dynamic 
mixing of the column effluent at the tip of the FAB 
probe. Although the use of a hemispherical probe tip 
is reported to reduce the peak broadening over the 
use of a flat-faced probe tip, diffusion-related mem- 
ory effects are still likely to occur [31]. In flow injec- 
tion experiments with amino acids, it was determined 
that the observed peak width is influenced by the con- 
centration of the analyte. For example, 0.1~PL injec- 
tions of 7, 70, and 700 nglpL solutions of domoic acid 
(0.7, 7, and 70 ng injected onto the column) gave peak 
widths at half height of 6, 8, and 16 s, respectively, 
using a 3-PLlmin flow rate in a 75-cm long 50-pm i.d. 
transfer line. For an ideal injection system free of effi- 
ciency losses through bad connections, a 0.1~pL sam- 
ple plug should elute with a peak width at half height 
of less than 3 s. This is obviously not the case here, 
and the situation is further exacerbated with samples 
of higher concentration. Similar effects were observed 
previously on the flow injection analysis of substance I’ 
[S]. These results alone indicate that not only is LC/MS 
peak broadening dependent on the actual column peak 
volume, but also it is affected to a greater extent by 
the amount of analyte and by how the analyte is dis- 
tributed on the probe tip at a given time. Since the 
ion desorption efficiency is related to the area of sam- 
ple surface directly exposed to the FAB beam and the 
requirement of keeping a “wet” probe tip, the actual 
Einsteinian diffusion of the analyte from the bulk of 
the drop of FAB matrix to the surface of the drop and 
the dynamic mixing occurring in the drop of FAB ma- 
trix on the FAB probe tip will be partly responsible for 
the observed peak broadening. 
In the LClCFFABiMS analysis, this “memory effect” 
will be superimposed upon the chromatographic peak 
broadening resulting from the addition of glycerol to 
the mobile phase. The combined effect will then pro- 
duce a broader peak width at half height than expected 
from the column peak volume alone. The overall effect 
of glycerol on the LClMS separation was evaluated by 
repeating the analysis of the two peptide mixtures us- 
ing the arrangement described in the previous section 
with the UV detector but with the transfer line now ter- 
minating at the end of the CFFAB probe. It should be 
noted that the extent of chromatographic peak broad- 
ening due to the addition of the FAB matrix to the sol- 
vents (Figure 2) compared to the corresponding vari- 
ation observed with the mass spectrometer wiU allow 
separation of the relative contributions of the two peak- 
broadening effects. 
Figure 3 illustrates the extracted ion chromatograms 
of the protonated molecular ions of the analysis of 
three synthetic peptides using glycerol mixed in the 
mobile phase (Figure 3a) with that of the coaxial ar- 
rangement where the matrix is introduced and mixed 
with the LC effluent only at the probe tip (Figure 3b). 
The first separation, which uses glycerol mixed in the 
mobile phases, was obtained by using a linear gradi- 
ent varying from 15% to 60% acetonitrile-water (5% 
glycerol and 0.1% TFA present in both solvents) in 40 
min for a O.l-PL injection of 60-70 ng of each pep- 
tide. It should be mentioned that retention times of 
each peptide in LClMS analysis were within f 1.5 min 
of those observed using the UV detector (see previ- 
ous section). This variation is attributed to the slightly 
different flow rates obtained in the two experiments 
and emphasizes the difficulty in having reproducible 
and accurate low flow rates. Nonetheless, comparison 
20 2s 30 35 
Time (min.) 
(a) 
(3) 
Time (min.) 
Figure 3. LClCFlFAB analyses of a peptide mixture (decapep- 
tide, Leu-enkephalin, and eledoisin-related peptide) on a 320- 
urn i.d. Cl* column. Iniection of 0.1 uL at a flow rate of 
$ ~Limin. ?a) Linear grddient from 15% B to 100% B in 40 
min (ACN-glycerol-water-TFA; A: O/519510.1; B: @l/5/35/0.1). (b) 
Coaxial LUMS separation using a linear gradient from 15% B to 
65% B in 40 min (A: O/0110010.1; B: lOO/O/OiO.l). 
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between peak widths observed in the LCIMS experi- 
ment (Figure 3a) and those reported in Figure 2 for the 
UV detector with the same mobile-phase composition 
should still be valid in evaluating the peak-broadening 
effects discussed above. From duplicate analyses, the 
mean peak widths at half height for the first three elut- 
ing peptides from the precolumn matrix addition con- 
figuration (Figure 3a) are 0.87, 1.00, and 1.12 min, re- 
spectively. These values are approximately a factor of 2 
larger than those reported in Figure 2a. As discussed 
for the flow injection analysis, the observed increase 
in peak width in the LClMS experiment compared to 
that in the LClLJV analysis is attributed primarily to 
the sample diffusion at the probe tip (i.e., the mem- 
ory effect). 
On the other hand, when the same analysis is per- 
formed with the coaxial LCIMS interface, the chro- 
matographic peak widths at half height are smaller 
(Figure 3b) than with the precolumn matrix addition. 
For the same three peptides, the peak widths at half 
height are now 0.45, 0.68, and 0.90 min and corre- 
spond to an increase of a factor of only 0.5, compared 
with the LCiUV experiment without glycerol in the 
mobile phase. Therefore, upon going from the LClMS 
coaxial interface to the LClMS precolumn matrix ad- 
dition configuration, the peak width at half height of 
these synthetic peptides increases by 25-90%. 
The LC/MS analysis of the glucagon hyptic digest 
(Figure 4) showed even more pronounced peak broad- 
ening when glycerol was incorporated in the mobile 
phase (Figure 4a) as opposed to the coaxial mode of in- 
troduction (Figure 4b). It should be emphasized again 
that the variation of retention time observed between 
the two types of analysis of Figure 4 is due mainly 
to fluctuations in flow rate arising from the difficulties 
in obtaining accurate flow rate measurement using a 
pressure-controlled split system. 
Comparison of the different ion chromatograms of 
Figure 4a and b and also of replicate injections obtained 
under the same gradient elution indicate that the cor- 
responding peak widths increase by 121 and 76% for 
the tryptic fragments 13-17 and 18-29 (T2 and T4, re- 
spectively, of Figure 2b). The peak width of the tryp- 
tic fragment 19-29 is marginally affected (5% increase 
from Figure 4a and 4b) in going from one system to the 
other. This behavior is consistent with that observed in 
the LCKJV analysis (Figure 2b), where this tryptic frag- 
ment showed an increase of only 5% of its peak width 
when the mobile-phase content of glycerol was varied 
from 0 to 5%. The other two peptides showed increases 
of 19-2096 over the same mobile-phase composition. 
Therefore, the observed peak width can increase by as 
much as a factor of 2 between the two LC/MS config- 
urations. From both the LClUV and LCIMS studies, it 
appears that the extent of this broadening varies with 
the nature of the analyte, although the underlying rea- 
sons for this observation are unknown at present. The 
fact that the peak enlargement is more pronounced in 
the LCIMS study is due mainly to chromatographic 
25 30 
(a) 
Time (min.) 
m 25 
@) 
30 
Time (min.) 
Figure 4. Selected ion chromatograms corresponding to the 
LCICFIFAB analysis of glucagon tryptic digest (106 pmol) US- 
ing (a) 5% glycerol in mobile phase. Linear gradient from 5 
to 100% B in 20 min (ACN-glycerol-water-TFA; A: O/5/95/0.1; 
B:60/5/35/Oll). (b) Coaxial LCiMS separation using a linear gradi- 
ent from 5% B to 65% B in 20 min (A: 010110010.1; 8: 100/O/O/0.1). 
broadening arising from the introduction of the glyc- 
erol in the solvents, which is then compounded by the 
radiaI diffusion of the analyte at the probe tip. 
The difference in flow dynamics at the tip of the 
FAB probe between the two experimental configura- 
tions probably accounts for a significant amount of 
the observed decrease (5-121% for glucagon tryptic di- 
gest and 25-909/o for the peptide mixture) in chromato- 
graphic peak width that occurs upon going from the 
precolumn addition of glycerol to the coaxial configu- 
ration. As discussed earlier, we think that diffusion of 
the analyte from the bulk of the homogeneous matrix 
droplet is responsible for the observed peak broad- 
ening in the precolumn matrix addition configuration. 
In contrast, the coaxial interface yields a heterogenous 
flow stream, where the LC effluent is constrained to 
the center of the flow stream and actively transported 
to the surface of the FAB droplet where ion desorption 
occurs. 
Although the preceding discussions have focused 
on the changes in chromatographic peaks in terms of 
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Time (min.) 
W+H)f: 843 
loo 
(M+H)+: I I30 
80 
m/z 
(b) 
peak width, the resultant effect of this is directly re- 
flected by the chromatographic separation efficiency. 
In the conventional formula for the calculation of the 
number of theoretical plates, the number of plates is 
inversely proportional to the square of the half-height 
peak width for a given retention time. It can be de- 
duced that an increase in peak width of 20%, such 
as in the case of the LCJLJV experiment, will lead to 
a decrease in separation efficiency by a factor of 1.4. 
However, this effect is more important for the LClMS 
experiment where an increase in peak width of a fac- 
tor of 2 as noted behveen the two types of interface 
involves a factor of 4 Ioss of separation efficiency. 
The fact that peak broadening is reduced in the 
coaxial configuration offers a potential advantage in 
sensitivity over the LC/MS configuration. Previous 
studies [23] indicated that lower detection limits can 
be achieved with this interface. Although the present 
work did not focus on establishing detection limits for 
both LCIMS configurations, it can be appreciated from 
Figure 5. LCKFFAB analysis of bovine 
growth hormone releasing factor l-29 tryptic 
digest (41 pmol) using (a) 5% glycerol in 
mobile phase. Linear gradient from 0% B to 
100% B in 20 min (ACN-glycerol-water-TFA; 
A: D/5/95/0.1; B: 601513510.1). (b) Coaxial LCI 
MS separation using a linear gradient from 0% 
B to IOO% B ia 20 min (A: O/CI/IOO/O.I; 8: loo/ 
O/O/0.1) with selected mass spectra (single 
scan) corresponding to different tryptic frag- 
ments. (*indicates matrix peaks.) 
Figures 3 and 4 that better signal-to-noise (S/N) ra- 
tios are obtained when using the coaxial interface. On 
replicate injections of the different peptide mixtures of 
Figures 3 and 4, it was found that the SIN ratio of the 
coaxial interface was generally better by a factor of 2 
compared to the other LCiMS configuration. 
The advantages of this interface are further demon- 
strated in Figure 5 for the LClMS analysis of tryptic 
fragments of bovine growth hormone-releasing factor, 
a peptide containing 29 amino acid residues. The anal- 
ysis performed with glycerol in the mobile phase is 
illustrated in Figure 5a for a linear gradient of O-604 
acetonitrile-water (5% glycerol and 0.1% TFA in both 
solvents) and can be compared to the analysis obtained 
from the coaxial interface (Figure 5b) using a O-100% 
gradient of acetonitrile-water (0.2% TFA). As observed 
in Figure 5a, owing to the relatively wide composi- 
tional change (O-60% organic solvent) combined with 
the relatively low concentration of glycerol, a stable 
matrix surface on the probe tip was not maintained 
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throughout the entire gradient profile. This caused 
ion source pressure fluctuations, which affect the ion 
source high voltage and caused erratic signal intensi- 
ties in the tryptic fragment’s ion chromatograms. In 
contrast, the coaxial CFFAB configuration gave good 
S/N ratios for all the peptides as indicated by the qual- 
ity of the selected ion traces and their corresponding 
mass spectra (Figure 5b). The stability of the ion cur- 
rent also allows better definition of a consistent back- 
ground spectrum, which in turn permits extraction of 
a mass spectrum of each peptide exempt of matrix con- 
tribution. 
Conclusions 
The use of packed fused-silica capillary columns in 
conjunction with a coaxial CFFAB interface has been 
shown to be an effective technique for the analysis 
of peptide mixtures by mass spectrometry. This ar- 
rangement offers several advantages over the use of 
a glycerol matrix in the mobile phase. The indepen- 
dent delivery of the FAB matrix to the probe tip sig- 
nificantly decreases the chromatographic peak broad- 
ening and tailing found when the matrix is added to 
the mobile phase. In addition, the coaxial interface fur- 
ther improved separation efficiency by reducing peak 
broadening attributed to diffusional “memoTy effects,” 
owing to the improved flow dynamics of the analyte 
at the probe tip. For the peptide mixtures analyzed 
in this investigation, including those originating from 
tryptic digestion, it was observed that the use of a 
coaxial arrangement reduces the observed peak width 
by 5-155% with respect to a similar gradient elution 
system containing a 5% glycerol solution. The extent 
of the overall peak broadening, however, depends on 
the nature of the compound. A direct advantage of the 
narrower peak shape in coaxial CFFAB is that a higher 
flux of analyte reaches the probe tip over a given time. 
In addition to mi nimizing chromatographic peak 
broadening, this interface also allows variation of the 
matrix composition and concentration without com- 
promising the separation and/or requiring a reopti- 
mization of the chromatographic conditions. 
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